The influence of temperature on the electric conducting-power of the pure metals in a solid state has been proved to be very great*, and as very little is as yet known with regard to the influence of temperature on the electric conducting-power of alloys, we undertook this research in order, if possible, to discover the law which regulates this property.
The influence of temperature on the electric conducting-power of the pure metals in a solid state has been proved to be very great*, and as very little is as yet known with regard to the influence of temperature on the electric conducting-power of alloys, we undertook this research in order, if possible, to discover the law which regulates this property.
• For the sake of clearness, we have thought it advisable to divide this subject into four parts, and they will be treated of in the following o rd e r:-1. Experiments on the influence of tem perature on the electric conducting-power of alloys composed of two metals.
2. Experiments on the influence of tem perature on the electric conducting-power of some alloys composed of three metals.
3. On a method by which the conducting-power of a pure metal may be deduced from th at of the impure one.
4. Miscellaneous and general remarks.
I. Experiments on the Influence o f Temperature on the Electric Conducting-poicer o f Alloys composed o f two Metals.
I t will be as well to mention that, from the few experiments already published on the influence of tem perature on the conducting-power of alloys, we had at the commence ment of the research some idea of the law which regulates this property, and having found after a few experiments our supposition confirmed, we were able to shape the course we intended to pursue, in such a manner as to curtail the number of alloys to be experimented with. Thus, with the alloys made of the metals lead, tin, cadmium, and zinc with one another, instead of using the alloys P b 6 Sn, Pb4 Sn, P b2Sn, Pb Sn, Pb Sn2, Pb Sn4, Pb Sn6, and testing in the same manner the tin-cadmium, tin-zinc, cadmium-zinc alloys, we only used the following, Sn6 Pb, Sn4 Cd, Sn2 Zn, Pb Sn, Zn Cd2, Sn Cd4, Cd Pb6, a similar manner. The reason for grouping alloys made of different metals under different heads has already been elsewhere discussed*. It has also been only considered necessary to experiment on one wire of each alloy, as the results obtained agree, in most cases, very closely with those calculated, and as it has been proved by a few determina tions, which are given in Table I ., that the same values were obtained for the percent age decrement in the conducting-power of the alloy between 0° and 100°, when series of determinations were made with two wires of the same alloy.
T able I.
Alloy.
V olum es p e r cent.
P ercentage decre m en t observed be tw een 0° a n d 100°.
G old-copper (h a rd d raw n) ... 98-63 o f A u 21-87 ) G old-copper (h a rd draw n) ... 98-38 " 21-75 G o ld -silv e rt (h a rd d ra w n )... 52-08 " 6-50 > G old-silver (h a rd d ra w n ) ... 5 2 0 8 " 6-48 G old-silver (a n n e a le d ).............
52-08 " 6-72 J G old-silver (a n n ea le d )............
52-08 " 6-70 | G old-silver (a n n ea le d )............
52-08 " 6-71 G old-silver (a n n ea le d ). The method and apparatus employed for the determ ination of the conducting-power at different temperatures was the same as th at described and used for the experiments on the pure m etalsf. W e have, however, in many cases only taken observations at three intervals, as we found that almost the same formula was deduced from observations made at three different tem peratures as from seven, especially when the tem perature of the second observation was the mean of the other tw o ; now as three or more observa tions were made at each interval, it was easy to obtain the wished-for tem perature as the mean of several determinations. Thus the formulae deduced for correction of con ducting-power for tem perature of the alloy Cd P b 6 wereFrom seven observations . . . X = 9*287 --0*03250l£ + 0*00006743f. From three observations . . . >,=9*286 -0*03245(P+0*00006683£2.
Again, those deduced for the alloy Sn2 Zn wereFrom seven observations . . . x = 16-876 -0*065544^+0*0001471f, From three observations . . . x=16*899 -0*06579(P+0*0001454f, where A represents the conducting-power at C.
W e have here taken, as in former papers, the conducting-power of a hard-drawn silver wire at 0°= 100 as defining our unit. The normal wires were made of german silver, the resistances of which were determined by comparing them with the gold-silver alloy J, the conducting-power of a hard-drawn wire of which is equal to 15*03 at 0C . Table II . contains the conducting-powers, specific gravities, and equivalents of the metals used for making the alloys. These values are those which have been used in calculating the results given in this paper.
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T a b l e II. Tables III., IV., V., and VI. contain the results obtained with the alloys belonging to the different groups. The alloys marked thus (f) are those which were made and used for former experiments; in all cases, however, fresh wires were made. All the rest have been re-made and analyzed. In Table III . the results are given which were obtained with some alloys made of those metals which, when alloyed with one another, conduct electricity in the ratio of their relative volumes; in Table V . those with some alloys of those metals which, when alloyed with one another, do not conduct electricity in the ratio of their relative volumes, but always in a lower degree than the mean of their volumes; in Table IV . those with some alloys made with the metals belonging to the alloys given in Table III . with those in Table V .; and in Table VI . those with some alloys whose places in the foregoing Tables we have not yet been able to assign. * These and all similar values were reduced to 0° as described in the paper " On the Influence of Tempe rature on the Electric Conducting-power of the Pure Metals," Philosophical Transactions, 1862, p. 10. 
t S n 6 Pb

f P b S n , containing 53*41 volum es per cen t, o f lead .
Length 359 m illim s.; diam eter 0'844 m illim .* T.
Conducting-power. Difference. Observed.
Calculated.
9-12 10-073 10-071 + 0 -0 0 2 24-45 9-510 9-511 . 7 .
f C d P b 6, con ta in in g 10*57 vols. p er cen t, o f cadm ium . reas<m why here and in some cases in the following Tables no determinations of the effect of heating e wire on its conducting-power are given, is that the wire unfortunately, from some cause or another, became unsoldered after it had been heated to 100° for one or more days. 
4.
f S n 12A u , con tain in g 90*32 volum es per cen t, o f tin. 14-0 7-9224 5 7 0 6:9935 1 0 0 0 6-2676 X = 8 -2 6 S 7 -0 025501*I+0 00005490*;2. 14-0 4-8593 57-0 4-3212 1 0 0 0 3-9009 X = 5 0 5 9 9 -0 0 1 4 7 7 6 * ;+ 0 -0 0 0 0 3 1 8 6 ft
6.
T in -co p p er a lloy, co n ta in in g 93*57 volu m es p er cen t, o f tin. T.
Conducting-power.
Difference.
Observed. Calculated. Conducting-power.
1^
rt-o 10-1386 55*5 9-8710 1 0 0 0 9-6526 X = 10-212-0-0068043*f+0-00001210#2.
10. Tm-copper alloy, con tain in g 11*61 vols. p er cen t, of tin. 
12.
T in -c o p p e r alloy, co n tain in g 1*41 vol. p er c e n t, o f tin. Calculated. 
14-
16.
Z inc-copper alloy, contain in g 2 9 #45 vols. per c e n t.o f zin c. 
6.
G old -silver a llo y , con tain in g 19*86 volum es per cent, o f gold (a n n e a le d * ). * The conducting-power of these wires did not alter after being kept at 100 for one day. X = 2 0 -5 1 3 -0 017718i!+0 00091170*2.
8 .
Gold-copper alloy, containing 0*71 volum e per cent, o f gold (hard draw n).
Length 1049 m illim s.; diam eter 0*366 millim.
10.
Platinum -silver alloy, containing 5*05 volumes per cent, o f platinum (hard drawn). 
11.
P latinum -silver alloy, containing 2*51 volum es per cent, o f platinum (hard draw n).
L ength 381*5 m illim s.; diameter 0*451 millim.
T. Conducting-power.
1 § 0 31*173 5 6 0 29*550 100*0 28*068 X=31*640-0*039363£+0 00003642tf2.
12.
Conducting 
Platinum-silver alloy, containing 19*65 volumes per cent, of platinum (hard drawn).
Length 169 m illim s.; diam eter 0*518 millim.
Conducting-power found before 0
Reduced to 0°. 
13.
Copper-silver alloy, containing 98*35 volum es per cent, o f copper (hard draw n). 
14.
Copper-silver alloy, containing 95*17 volumes per cent, of copper (hard drawn). 
16.
Copper-silver alloy, containing 46*67 volumes per cent, of copper (hard draw n). T.
Conducting-pow er.
12-0 2-3573 5 6 0 2-3138 100-0 2-2798 X = 2-3708 -0-0011555^+ 00000002454^.
T he conducting-pow er of a se-0 E educed to 0°. cond wire was found ............ 2-2397 a t 17*2 2-2580
22.
Iron -cop p er alloy, con ta in in g 0*46 v olu m e per cen t, o f iron (h ard d ra w n ). 2.
fP h o sp h o r u s -c o p p e r , co n ta in in g 2*5 per cen t, b y w e ig h t o f ph osp h oru s (h a rd d raw n ).
fP h o sp h o r u s -c o p p e r , co n ta in in g 0*95 p er cen t, b y w e ig h t o f p h osp h oru s (h a rd d ra w n ).
L en g th 265-5 m illim s.; diam eter 0-396 m illim .
T.
Conducting-pow er. Difference. Observed.
C alculated. 
.
•fA rsen ic-cop p er, con tain in g traces o f arsenic (h ard d raw n ). Tables V II. , V III., IX., and X. contain (1) the values found in a former research*, reduced to 0° with the help of the formula given in the above Tables for some of the alloys (column A.), (2) the values taken from the above Tables, namely, the first observed conducting-power reduced to 0° (column B.), and (3) the formulae for the correction of the conducting-power for temperature, taking the mean of the values in the columns A. and B. as the conducting-power at 0°. d r a w n ) The values in columns A. and B. do not agree in all cases as well as might have been expected. Part of these differences are undoubtedly due to the fact that, the length of all wires made of alloys melting at a low temperature was measured after the determination had been made, as we found very great difficulty in soldering them to the thick copper wires in the trough, for, owing to their low fusing-points, the ends of the wires melted in with the solder. Now they had to be wound round a glass rod, as their length would not permit of their being experimented with in the trough without it; it is therefore probable that, on account of their softness, in unwinding and straightening them they became somewhat lengthened, which will account in a great measure for the differences. The value given for the conducting-power of one alloy (lead-silver, containing 30'64 per cent, of lead, and corresponding to Pb Ag2) in the paper already referred to is wrong.
* These values have been altered to the same extent as those given in column B. for the hard-drawn wires, in order that the effect of annealing may remain the same.
"t r^lc alloys of these metals formerly tested do not quite correspond in composition to those here given, and therefore the values then found for their conducting-powers are not quoted above. They agree, however, very closely with those in column B.
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We not only used part of the same alloy employed for the former determinations, but also made and analysed a fresh quantity, and found the values for the conducting-power in both cases the sam e; the present value is therefore the correct one for the conductingpower of the alloy. The error made in the former determinations must have been that a wrong normal wire was noted down as the one with which the resistances of the wires were compared; for according to the data from which the conducting-powers were then deduced, those there given are correct.
In order to show in a clear manner the results obtained, and to explain the law which we have arrived at, we will give in the first place the following Tables:- These Tables will require some explanation. Calculated conducting-power means the deduced conducting-power of an alloy, it being assumed that the conducting-power of a wire of any alloy is equal to the sum of the conducting-powers of parallel wires of the metals composing the alloy.
Under the term " calculated percentage decrement between 0° and 100°," we do not mean, as might be supposed, the mean of the percentage decrements which the com ponent metals would suffer in their conducting-powers between 0° and 100°, and which would be, for nearly all the alloys Experimented with, 29*307 per cent., inasmuch as it has been shown * that the conducting-power of most of the pure metals decreases between 0° and 100° by 29*307 per cent, (the exceptions to this law, being thallium andiron, the conducting-powers of which decrease between 0° and 100° 31*420 and 38*260 per cent, respectively*1*). I t is therefore clear that the calculated percentage decrement in the conducting-powers between 0° and 100° of most alloys, from the above assumption, must be also 29*307 per cent. I t is, however, obvious, on looking at the observed percentage decrements, that the conducting-powers of the alloys, with the exception of those given in Table X where Po and Pc represent the observed and calculated percentage decrements in the conducting-power of the alloy between 0 and 100 , and X100o and Aj00o its observed and calculated conducting-power at 100°, Pc is, as ju st stated, equal to 29*307 in nearly all cases, the exceptions being with the thallium and iron alloys. I f the values so deduced be examined, it will be seen that those given in Table X I. for the observed and calculated percentage decrement agree very closely with each other as well as with the mean value found for the percentage decrement in the conducting-power between 0° and 100° of the pure metals, viz. 29*307. This is just what we expected; for these alloys conduct electricity, as will be seen from the Table, in the ratio of their relative volumes, and therefore their conducting-powers ought to decrease between 0° and 100° in the same percentage amount as that of the mean of their com ponents.
On looking at Table X II., which contains the alloys made of the metals belonging to the two classes, we find that, as long as there is no change in the conducting-power of the metals lead and tin by the addition of another metal, the conducting-power of the alloy decreases between 0° and 100° 29*307 per cent., but the moment the alloys show a greater or smaller conducting-power than that of pure lead or tin, then the percentage decrement is less than 29*307. Again, the alloys of tin or zinc with copper containing small amounts of those metals follow approximatively the above law ; and on referring to the curves* which represent the conducting-powers of these alloys, it would appear that, starting with the metal whose conducting-power is greatly altered by a small addi tion of a foreign metal, the above law, as just stated, is approximatively true for all alloys as far as the turning-point of the curve, and from this point there is no agreement between the observed and calculated values. The difference between these values begins to show itself in some cases much sooner than in others; thus, with tin and copper after the addition of one per cent, of the form er; with zinc and copper only after more than ten per cent, of zinc has been added, and from these points it gradually increases with each addition of metal. W hat the exact law is which these alloys follow with regard to the property under consideration we are unable at present to state, but some of them at least show that the law we have put forth will hold good in their cases. Unfortu nately the alloys of this class, containing large percentages of each metal, are exceedingly brittle and unworkable, so that no complete series of determinations with any set of alloys could be m ade; had we been able to do this with one or two series, we should, in all probability, have found the law which regulates the influence of temperature on the conducting-power of this group of alloys. W ith regard to those in Table X III. very little need be said, for the deduced percentage decrements prove that our law holds good for most of the alloys of this group. There are nevertheless a few remarks to be TEMPEBATUBE ON THE ELECTBIC CONDUCTING-POWEB OE ALLOTS. 183 made respecting some of the values given in this Table, namely, on those of the annealed wires. Elsewhere it has been shown that the conducting-power of hard-drawn wires of some metals is greatly altered by annealing th e m ; with the alloys this does not seem to be the case, for the differences here are very small. On account of their smallness we have not thought it worth while to investigate this m atter any further at present; for to arrive at such results as m ight show the connexion between the effect of annealing on the conducting-power of alloys and on that of the metals composing them, would require a long series of experiments. Although the percentage decrements in the con ducting-power of these annealed wires are all somewhat higher than those of the hard drawn, yet they may be considered the same, as the percentage decrements in the conducting-power of hard-drawn and annealed wires of the pure metals vary also in a small degree, but not always in the same direction. Thus those found for silver were-H ard drawn.
Annealed. On comparing the values obtained for the conducting-powers, &c. of the iron-gold alloys, the following facts are worth mentioning,-their very low and almost identical conducting-powers, and the high percentage decrements found for the first two and the low one for the third. That there was no error in this value we convinced ourselves by remaking the alloy, which contained, according to analysis, the same percentage amount of iron as that given in the Table, and the percentage decrement in its conducting-power was found equal to 4*04. Again, an alloy, made by a well-known firm*, which gave on analysis 11*94 volumes per cent, iron, conducted at 0° 2*097, and lost between 0L and 100° 4*30 per cent, of conducting-power. Unfortunately experiments with alloys richer * We are indebted to Messrs. Johnson, Matthey and Co., of H atton Garden, for many of tbe alloys experi mented with. These were the first two, iron-gold, the platinum-silver, palladium-silver, and aluminium-nickel. in iron could not be made, owing to the brittleness of the alloys; the high percentage decrement in the conducting-power of the first two indicating something abnormal, which it would have been interesting to have followed out.
On account of the probability of the arsenic and phosphorus being chemically com bined with the copper, we have not considered it worth while to calculate the percentage decrements, and therefore no Table corresponding which is equal to saying that the absolute difference in the observed and calculated resist ances at 100 C. is equal to the absolute difference between the observed and c / esistances at 0 C. fables X IV ., XV., and X V I. contain examples of these deductions taken from the three groups of alloys, taking the resistance of silver at 0° equal to 100. Tables X I. , X II., and X III., will of course apply here. In Table X IV ., the values in the columns headed r 100o-r[00o and r0 0 -d o not agree in all cases; and at the first glance we sh be inclined to suppose that the law was not as correct for these alloys as for those given in Table X V I .; but this is only due to slight errors in the determination of the resist ances, &c., for a small percentage difference in these numbers will cause a very marked one in those under the headings r 100o -/ 1008 and r0o-r'0O . If, on the contrary, the values in the columns r,00o -r0o and r[00°-r'0o in Tables X IV . and X V I. be compared with each other, it will be seen that those in Table X IV . agree together quite as well as those in The values given in the column r were calculated w ith the help of the formulae from Tables V II. and IX ., those in the column r' w ith th at deduced for the correction of conducting-power for tem perature of most of the pure metals, namely, If, now, A=100-0*37647^ + 0*0008340f.
it is clear that we may deduce the formula for the correction of resistance or conductingpower for tem perature ol an alloy as soon as we know its composition and its resistance at any tem perature; for, as / 100o, , and r\ may be calculated by means of the formula given for the correction of conducting-power for tem perature for most of the pure metals, viz. A=100-0,37647£-+-0,Q008340£2*,
if the constant r ,-ri be determined, then r 100o = / 100O + constant,
and from these terms a formula for the correction of resistance or conducting-power for temperature may be calculated, which in most cases will be found very near the truth. Thus, take, for instance, the gold-silver alloy containing 79'86 volumes per cent, gold (hard drawn), and we find the first observed conducting-power . x=21-253-0-021350* + 0-000008200f.
The conducting-power, according to this formula, of the alloy at ll°-45 will be 21 010; but after having kept the alloys at 100° for three days it altered, and was found at that temperature to conduct 21*031. I f the above formula be multiplied by ^.^=1*001.
we arrive at *= 21-274 -0*021372£ + 0*000008208f;
and if the conducting-powers be calculated for the different temperatures in the following series, the difference between the observed and calculated values will be found to be very small.
C onducting-pow er. Difference. Observed.
Calculated. Again, let us take another example, the alloy Sn4 Cd, for which the values (Table X IV .) obtained for r 100o-/ ,00o and r0o-/ 0" agree worse than and if the results agree, it will show th at the differences in these values are, as before stated, due to errors of observation.
The first observed conducting-powT er was 14'259 at 60,8. The formula deduced, as above, was x = 1 4 '6 4 1 -0 -0 5 5 2 5 0 £ + 0 -0 0 0 1 1 5 8 f.
That deduced to calculate the conducting-powers for comparison with those observed, was A=14*455-0-054673£+0-0001141f. lhese examples are sufficient to prove th at the law we have put forth is correct for most of the two metal alloys; we m ight have experimented with many more alloys whose conducting-power would have followed the above law, but we thought determinations with a few members of each group of alloys would suffice to prove its correctness for most of them. W e have endeavoured rather to find the exemptions to the law than to obtain a large number of results which will agree with it.
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II. Experiments on the Influence o f Temperature on the Electric Conducting-power o f
some Alloys composed o f three Metals. In the course of the foregoing experiments we were induced to try whether the influence of temperature on the conducting-power of the three metal alloys would be regulated by the above law, and Tables X V III. and X IX . contain the results.
T a b l e X V III.
1.
G old-copper-silver a lloy, con ta in in g 5 0 volu m es per cen t, gold , 2 5 copper, and 2 5 silver (h ard draw n).
Length 341*5 millims.; diameter 0*618 rnillim.
6
Conducting-power found before heating the wire....... 10*6186 at 13*7 Ditto, after being kept at 100° for 1 day ................ .... 10*6367 at 6*0 Ditto, for 2 days .................. ..................... ............... 
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The values in Table X IX . indicate that the law will probably hold good for most of the three metal alloys.
There is, however, one of the three metal alloys which we cannot pass over unnoticed, namely, that of copper-nickel-zinc or argentan (german silver). This alloy has long been used, on account of the small effect which temperature has on its conducting-power, for making resistance coils, &c. It is a somewhat curious fact, that the conductingpower of this commercial alloy decreases less between 0° and 100° than almost any other alloy yet known, for in the course of this investigation we have only found the following which show a smaller percentage decrement in their conducting-power than argentan.
The conducting-power of the platinum-silver alloy, containing 19*65 volumes per cent, platinum, decreases between 0° and 100° 3*10 per cent.
The conducting-powrer of the palladium-silver alloy, containing 23*38 volumes per cent, palladium, decreases between 0° and 100° 3*40 per cent.
The conducting-power of the iron-gold alloy, containing 10*96 volumes per cent, iron, decreases between 0° and 100° 3*84 per cent.
The conducting-power of the argentan decreases between 0° and 100° 4*39 per cent.
III. On a Method by which the Conducting-power o f a Pure Metal may be deduced fro m that o f the Impure one.
This part of our subject is an important deduction from the law for if we consider the two last terms of the proportion, and bear in mind that a small amount of another metal has very little or no effect on x'100O , when it represents the conducting-power of an alloy containing a very small percentage of the one metal, whereas it has a very considerable one on X100o, we may write the proportion (5) where P and P' represent the observed and calculated percentage decrements in the con ducting-power of the impure and pure metals between 0° and 100°, and M100o and M'100o their conducting-powers at 100°. P' is for most metals 29*307, or we may express it as follows:-The percentage decrement in the conducting-power o f an impure metal between 0° C. and 100° C., is to that o f the pure one between 0° C. and 100° C. as the conducting-power o f the impure metal at 100° C. is to that o f the pure one at 100° C.
From the results given in Tables X II. and X III., we have chosen the following alloys to show that a small amount of foreign metal has no influence on the value Xi00o, which may therefore be looked upon as equal to M'100.. Table X X . Alloy.
V olum es p er cent.
Conducting-pow er at 100°.
Observed. C alculated. P u re gold conducts a t 100° 55*90. P u re copper conducts at 100° 70*27. P u re silver conducts at 100° 71*53. P u re copper conducts a t 100° 70*27.
I f now, as in the case of most commercial metals, the amount of impurity be much smaller than th at in the Table, then of course its influence on the value A'100 is so small that it may be entirely disregarded.
In Tables X X I ., X X II., and X X III., we give some results obtained with impure metals, the conducting-power of the same metal in a pure state having been previously determined.
Table X X I. d r a w n ) ............. On comparing the values in Table X X II. for the observed and calculated conductingpowers, it will be seen that those calculated for the same metal agree very closely with each other, whereas those observed vary in some cases more than 20 per cent. From Table X X III. it is evident that the deduced value for the conducting-power of gold and silver is much higher than that found by experim ent; on referring, however, to the paper on the influence of temperature on the conducting-power of metals (Table XVI. ), it will be found that the percentage decrement in the conducting-power between 0° and 100° of Let us now recalculate the deduced conducting-powers, using these values instead of the mean of those found for the pure metals (viz. 29*307), and we arrive at much better results. These are shown in Table X X III. The values in the last column were obtained as follow s: take for instance th at of gold. The mean deduced value (column 1) for its conducting-power at 0° was 83*17, under the supposition that the percentage decrement in its conducting-power between 0° and 100° was 29*307; the percentage decrement, however, found for pure gold was 28*30 ; we must therefore recalculate the deduced value to obtain a more concordant one, and this may be done with the help of the proportion Reducing the others in the same manner, we are struck with the coincidence of these values with those really found for the annealed wires by exp erim en t; in fact we must assume that the values deduced for the conducting-power of metals are those of the annealed wires, even when hard-drawn ones are experim ented with. W h at the deduced values for the conducting-power would be when using annealed wires of im pure metals we are unable at present to say, for no determ inations have been made in this direction. I t must be remembered th at the effect of annealing on the conducting-power of alloys is very small, so that the deduced values from those found for the annealed wires would not be very different from those deduced from the hard drawn, assuming, as we have done in the former part of this investigation, th a t the percentage decrem ent in the con ducting-power between 0° and 100° of hard drawn and annealed is the same. Having thus proved that, by using the expression P :
we may deduce the conducting-power of the pure m etal from the im pure one, when the observed values do not differ from those calculated by more than 20 to 30 per cent., we will now proceed to give the results of some experiments with impure metals where the conducting-power of the same metals in a pure state has not yet been determined. Tables X X IV . and X X V . contain the results. 
P allad iu m , com m ercia l (h a rd d raw n ).
•Length 218 m illim s.; diam eter 0-409 m illim . X =47071-015321H-0-0003037i!2.
196
T a b l e X X V .
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O bserved percentage decrem ent in the conducting-pow er betw een 0° a n d 100°. iu m ( 8 ) ............... [It is scarcely necessary to add, th at in the same m anner as the formulae for the cor rection of conducting-power for tem perature may in most cases be deduced where the composition and conducting-power of an alloy at any tem perature are known, th at for the correction of the conducting-power for tem perature of an im pure m etal may also be calculated, using the conducting-power of the annealed m etal for X'#, X|, X'100. This is of practical im portance; for in testing copper wire for telegraphic purposes, the formula for the correction of its conducting-power for tem perature may he easily deduced, of course only in cases where the conducting-power is w ithin the lim its above stated. I t has already been elsewhere shown th a t the conducting-power of commercial metals, copper for instance, varies considerably according to the state of its purity. Thus a specimen of Rio Tinto copper was found to conduct as follow s:-L e n g th 398 m illim s .; d iam e te r 0*331 m illim . IV. Miscellaneous and general remarks. Having thus described the results obtained in this investigation, it only remains for us to make a few general remarks on them.
Conducting
29-02
1. The percentage decrement in the conducting-power of alloys between 0° and 100° is never greater than that of the pure metals composing them ; for on looking at Tables X I., X II., and X III., we only find a few cases where the observed percentage decrement is greater than that of the pure metals composing the alloy, and in these the differences are so small that they are undoubtedly due to small errors in the observa tions, for the differences between the percentage decrements are not greater than those obtained for different wires of the same metal.
2. The conducting-power of alloys decreases with an increase of temperature. This, however, is not strictly true for all alloys, for we already know of some where this is not the case, viz. a few of the bismuth alloys. The results of our observations are given in the following T able:-T a b l e X X V II. T h e co n d u ctin g -p o w er fo u n d in a fo rm er research was 7-82 a t 24°-9.
.
-f*Bi4 Pb, containing 90*28 volumes per cent, bism uth. These results need a little explanation; on the first two series no remarks are necessary, but on the three last we will say a few words. On experim enting with a wire of Bi I b2 we observed nothing rem arkable at first, but after m aking a series of observations at different tem peratures up to 100°, on cooling the wire the same conducting-power was not observed tor the same tem perature as when h e a tin g ; at first we thought this was due to the wire being badly soldered, but on resoldering it the same results were obtained. In the fab le the third series will read thus: at 96°*6 the conducting-power was found 1 8o4o; on cooling rapidly to 16°*5 it was found equal to 2*0386; on testing it the next morning at 12°*5 it was 2*0346, showing a loss in conducting-power, for it ought to have conducted better, as the tem perature is low er; on the third morning we find it still low er; and on the same day, after being kept at 100° for about 4^ hours, instead of 14*05, the volumes per cent, of silver deduced from th a t value would be 52*62 instead of 48*20, the value calculated from the latter num ber.
4. I t may be as well to state in a few words how we determ ine to which class a m etal belongs, whether to the lead, tin, &c., or to the gold-silver, &c. class; to do this it is only necessary to alloy the metal with traces of lead, tin, &c., and if the conducting-power be equal to that of the mean of the components, we say it belongs to the lead class; if, on the contrary, the alloy has a lower conducting-power than the mean of the compo nents, we say it belongs to the gold-silver, &c. class. These are only some of one series of alloys which have a higher conducting-power than the m ean of their components, and these are the amalgams. l.
T h a lliu m , co n ta in in g 5 p er c e n t,, b y w e ig h t, tin . These alloys were not analyzed, the 5 per cent, of foreign m etal being added to the thallium fused under cyanide of potassium. From the results it will be seen th at they both conduct in a lower degree than the mean of their com ponents; for both cadmium and tin conduct better than thallium , the conducting-power at 0° of cadmium being 23*72, and that of tin being 12*36.
5.
In conclusion, we would point out that the law which we have deduced from our experiments only holds good in cases where the alloy may be considered a solution of one metal in the other, the metals belonging to the same class; when the alloy is composed of metals of the two classes, then the law no longer holds good (except for a few of the alloys), even if the alloy be a solution of the one m etal in the other. The results which we have obtained and described in this memoir fully bear out the views put forward in a former one regarding the chemical nature of the alloys*.
